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REACTIONS OF THE CONDENSATE OF 
2- PYRIDINEALDEHYDE 

INTRODUCTION 

Wischmann (24, p. 2794 -2796) has reported the synthesis of 

3- bromo -3, 4- dihydroquinolizinium bromide (I) by a dehydration of 

a compound which he identifies as 2- hydroxy -3- bromo -1, 2, 3, 4- 

tetrahydroquinolizinium bromide (II). The latter compound he 

reports as being formed in a reaction between 1-(2- pyridyl) -3- 

butene- 2- ol(III) and bromine. 1- (2- pyridyl) -3- butene -2 -ol is 

prepared by reacting picolyllithium with acrolein. 

+ CH2=CH-CHO -4 
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The original nature of this investigation was intended to be a study 

of the chemistry of 3- bromo- 3, 4- dihydroquinolizinium bromide. 
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However, Wischmann's synthesis of this compound could not be 

duplicated. Boekelheide (3) has reported the dehydration of 

2- hydroxy -1, 2, 3, 4- tetrahydroquinolizinium iodide (IV) by refluxing 

it with acetic anhydride to form 3, 4- dihydroquinolizinium iodide 

(V). 

OH 

Ie 

Ace 0 
H2SO4 

2- hydroxy- 3- bromo -1, 2, 3, 4- tetrahydroquinolizinium bromide 

has a bromine atom on the carbon adjacent to the carbon containing 

the alcohol function which may lead to side reactions. Dehydra- 

tion of 1- hydroxy- 3- bromo -1, 2, 3, 4- tetrahydroquinolizinium 

bromide (VI) was attempted because of this fact. 1- Hydroxy -3- 

bromo-1, 2, 3, 4- tetrahydroquinolizinium bromide was prepared by 

a synthesis similiar to that of Wischmann's. 1-(2-Pyridyl)-3- 

butene-l- ol(VII) was prepared by the reaction of allyl magnesium 

bromide with 2- pyridinealdehyde. It was then reacted withbromine 

to form the cyclic product. Dehydration of this cyclic product did 

not yield 3- bromo -3, 4- dihydroquinilizinium bromide. No product 

\r\, 
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was isolated. 

CHO 

- CH2=CH2CHMgBr---) 
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The preparation of allyl magnesium bromide could not be made 

in the normal manner of preparing Grignard reagents as coupling 

occurs between the allyl Grignard reagent formed and the unre- 

acted allyl halide. Gilman (11) has described a method of prepar- 

ing allyl magnesium bromide calling for a large excess of magne- 

sium and specific amounts of ether. 

In a review of the evidence given by Wischmann for the 

structure of the product of the reaction between bromine and 

1- (2- pyridyl)- -3- butene -2 -ol, it was felt that no definite proof for 

the assigned structure of 3- bromo -1, 2, 3, 4- tetrahydroquinolizinium 

bromide was presented. The data obtained by Wischmann 
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(24, p. 2794 -2796) on this reaction product are: 1. Ultra- violet 

data which gives a maximum absorbence peak at 264 mu. 

2. Ionic bromide is present. 3. Carbon and hydrogen analysis 

suggests the formula C9H11NOBr2. 4. Absorption of 3 moles of 

hydrogen per mole of compound. 5. Dehydration of the compound 

yielded a purple product which gave a carbon and hydrogen analysis 

corresponding to the formula C9H9NBr2. These facts, however, 

may also be explained by structure VIII. The maximum absorption 

peak of 264 mu that Wischmann found for the compound in question 

does not necessarily mean that it is a tetrahydroquinolizinium 

compound. A peak near 264 mu is found for many pyridine 

compounds. 1 The peak at 264 mu shows that no bond migration 

has taken place. 

If the product in question has resulted from the reaction of 

one molecule of 1- (2- pyridyl)- 3- butene -2 -ol and bromine and is 

not an intramolecular product involving two or more molecules of 

1- (2- pyridyl)- butene -2 -ol, it seems possible and maybe more 

probable that the compound formed would have a 6/5 -ring structure 

instead of a 6/6 -ring structure. Compounds have been made by 

cyclization of halides with the nitrogen of the pyridine ring. 

1 

See appendix for u. v. data. 
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Winterfeld and Muller (23) have found that in attempting to ob- 

tain 1- (2- pyridyl)- 3- bromopropane from the hydrobromide by 

treating the latter with potassium carbonate, an ionic product was 

obtained. They identified this product to be compound IX, as 

reduction with hydrogen yielded octahydropyrrocoline (X). Brand 

and Reuter (4) have prepared pyrrocoline (XI) by treating the 

reaction mixture of 2 -( ,¡, -trichloro- -hydroxypropyl)pyridine 

(XII).aqueous zinc and sulfuric acid with 30% sodium carbonate. 

They postulated 2- (e- chloro -P -hydroxypropyl)pyridine(XIII) as an 

intermediate to the cyclization as treatment of the reaction mixture 

with 20% sodium carbonate led to the isolation of this compound. 

N 
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Boekelheide (3) has prepared 2- hydroxy -1, 2, 3, 4- tetrahydroquin- 

olizinium iodide(IV) by refluxing 4- ethoxy -1 -(2- pyridyl) -2- butanol 

(XIV) with hydroiodic acid and treating the reaction mixture with 

potassium carbonate. i \ OH HI 

N H2CHCH2CH2OEt O K2CO3 

OH 

From the example given, it appears that the product obtained from 

the reaction of 1- (2- pyridyl) -3- butene -2 -ol and bromine could have 
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resulted from a cyclization in which a 5 as well as a 6- membered 

ring is formed. If 1-( 2- pyridyl)- 3,4- dibromo -2- butanol is an 

intermediate, it is possible that the product obtained may contain 

both types of compounds. The relative amounts of each would 

depend on the reactivity of the two bromines as well as the proba- 

bilities of the nitrogen of the pyridine ring reacting with the two 

halogen containing carbons. On the other hand, 1- (2- pyridyl)- 

3,4- dibromo -2- butanol may not be an intermediate and a mech- 

anism unknown at present may lead to the formation of a 5 or 6- 

membered ring. The cyclized product formed by bromine and 

1- (2- pyridyl)- 3- butene -2 -ol will be referred to as compound XV. 

Work following Wischmann's reaction scheme has been done 

by other investigators with unsaturated aldehydes other than 

acrolein as starting materials. Nash (14, p. 19 -28) has reported 

the preparation of 2-hydroxy- 3-methyl- 3-bromo-1, 2, 3, 4- tetra- 

hydroquinolozinium bromide (XVI) from methacrolein. He has 

been able to dehydrate it with acetic anhydride to obtain 3- methyl- 

3- bromo -3, 4- dihydroquinolizinium bromide(XVII). This dehydra- 

tion product had a higher melting point than the starting material 

and its ultra - violet spectrum shows that a bathochromic shift has 
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occurred. Clark (8) has reported the preparation of 2- hydroxy -4- 

phenyl- 3- bromo -1, 2, 3, 4- tetrahydroquinolizinium bromide(XVIII) 

from cinnamaldehyde. He was not able to isolate a dehydration 

product. In both of these cases no proof was given for the 

structure assigned to these compounds. The structures were 

assigned by analogy to the ones given by Wischmann to his reac- 

tion compounds. As Wischmann's proof for his structures is 

insufficient, the names assigned by Nash and Clark to their 

compounds must also be placed in doubt. Until the cyclization 

with bromine is shown to produce the same ring system for many 

different types of compounds, the structures of these compounds 
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must be proved separately. The reactivity of these halides for 

different compounds will vary as different groups are attached to 

the carbon to which they are bonded. Steric factors may also 

affect the path of reaction. 

Sagasawa and coworkers (20) have reported that 6, 7- dihydro- 

benzoquinolizinium iodide (XIX) in basic solutions was transformed 

to form the cyclic amide, compound XX. When sodium hydroxide 

is the base the change is instantaneous while with weaker bases the 

transformation is slower. The reaction could be reversed to give 

the quinolizinium ion by refluxing in phosphorous oxychloride. 

The former reaction with bases may be peculiar to the compound 

- 



10 

in question and may not be characteristic of the quinolizidines. 

XIX EX 

Davis (9, p. 30-34) has reported that compound XV is quite 

sensitive to basic reagents. Aqueous solutions of compound XV 

when treated with base yielded a tan precipitate. The rate of 

reaction varied with the strength of the base used. Immediate 

reaction was noted with 10% sodium hydroxide while precipitation 

was sluggish with sodium bicarbonate. This tan precipitate was 

found to be insoluble in water but was soluble in acetone, alcohols, 

chloroform, ether and carbon tetrachloride. The colors exhibited 

by these solutions were interesting: alcohols and acetone were red, 

chloroform and carbon tetrachloride were dark brown, and ether 

gave a light blue fluorescence which turned brown on further con- 

centration. The carbon tetrachloride and ether solutions gave a 

purple precipitate on exposure to air. The other solutions as well 

as the tan precipitate turned purple on standing in air. The tan 

precipitate behaved like an amine. It was soluble in acids but 

insoluble in base. The hydrochloride was found to be unstable, 
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turning green and then purple. The tan precipitate on sublima- 

tion yielded white crystals whose ultraviolet spectrum was found to 

be identical to that of pyrrocoline. The tan compound when 

subjected to an oxalic acid fusion gave a colored melt and colored 

a pine splint in the presence of hydrochloric acid. Both of these 

tests are characteristic of pyrrocolines as well as pyrroles and 

indoles. It thus appears that compound XV is a 6/6 ring compound 

which undergoes a rearrangement or a compound with a 5/6 ring 

system which is changed to a pyrrocoline. If compound XV has a 

5/6 ring system its conversion to a pyrrocoline may be similiar 

to the conversion of 2- (',y,y- trichloro p -hydroxypropyl.)pyridine 

(XII) to pyrrocoline (XI). On the other hand some of the phenome- 

na observed by Davis may be explained on the basis of the pyr- 

rocoline type structure. Pyrrocoline is aromatic in nature 

(10, p. 36) and so oxidation of the alcohol function of a compound 

with the structure VIII would result in a ketone which could enolize 

to form a pyrrocoline. The colored solutions and precipitates 

could be explained in that the simple pyrrocolines are unstable in 

light and air. The simple alkylpyrrocolines are readily attacked 

by oxidants such as potassium permanganate, chromic acid and 

even atmospheric oxygen (18 and 19). 
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Arthachinta (1, p. 31) has oxidized the compound obtained 

from the hydrogenation of compound XV with sodium dichromate 

and sulfuric acid. The product which she isolated was subjected 

to infrared analysis which suggests that an anhydride is present. 

This fact along with carbon and hydrogen analysis has led her to 

suggest compound XXI as its structure. This structure, it should 
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be noted, involves a seven -membered ring. Carothers (7, p. 

2551) has stated that difunctional reactions which could lead to 

larger than six -membered rings will lead to the formation of 

polymeric products instead. Thus Hill (12) has found that adipic 

acid treated with acetyl chloride yielded a polymeric anhydride. 

The monomer could be prepared by heating the polymer "in vacuo" 

at temperatures of about 200 degrees or so. The monomer would 

then distill out. Heating the monomer at 100 degrees for a few 

hours will convert it to the polymer. It therefore appears that the 

compound Arthachinta identified as XXI is not a cyclic monomer 

but a polymer. 

0 
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Davis (9. p. 38) has found that when compound XV is refluxed 

for two hours in hydroiodic acid, compound XXII is formed. This 

proposed structure has iodine and bromide on adjacent carbon 

atoms. Perkins (15, p. 37) has reported that when the dibromide 

of coumarin (XXIII) is mixed with an alcoholic solution of potas- 

sium iodide, metallic- looking needles are obtained. These 

metallic - looking needles he assumed to be a mixture of iodine 

and coumarin crystallized together. Schoenheimer (16) has 

prepared cholesterol by a process which calls for the conversion 

of cholesterol dibromide (XXIV) to cholesterol (XXV) by refluxing 

the former with sodium iodide in absolute ethanol. It thus appears 

HO 
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that dihalides on adjacent carbons should lead to the formation of 

a double bond in the presence of iodide ions. The formation of 

diiodides are probably involved. Slater (19, p. 1697 -1698) has 

reported that ethylene iodide decomposes to give ethylene. The 

rate of decomposition is accelerated by metallic iodides, bro- 

mides and bright sunlight. Thus if compound XV has structure 

II, the bromine in position three should be replaced by iodine and 

the resulting diiodide should decompose to compound XXVI and 

iodine. If compound XIX had structure VIII, the bromine may be 

replaced but no double bond will be formed. 
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There is some question as to whether or not the hydroxy group in 

position two will be replaced by iodine. Boekelheide (3) in the 

preparation of 2- hydroxy -1, 2, 3, 4- tetrahydroquinolizinium iodide, 

refluxed 1- (2- pyridyl)- 4- ethoxy -2- butanol for four hours with hydro- 

iodic acid with no substitution of the secondary alcohol by iodine. 

The product may have been the result of another reaction other 

than a replacement reaction. 
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DISCUSSION 

The preparation of 1- (2- pyridyl)- 3- butene -1 -ol from 

2- pyridinealdehyde (. 28 moles) and allyl magnesium bro- 

mide was done with a large excess of the latter. This 

was due to the fact that the 2- pyridinealdehyde is more difficult 

to obtain than allyl magnesium bromide which can be made from 

readily available chemicals. 

The preparation of a sample of 1- (2- pyridyl)- 3- butene -1 -ol 

for carbon and hydrogen analysis was found to be difficult and so 

analysis was made on the solid urethane derivative instead. 

1- (2- Pyridy1)- 3- butene -1 -ol like 1- (2- pyridyl)- 3- butene -2 -ol, 

should be stored in a refrigerator as it will turn brown and then 

black when left at room temperature. Polymerization is probably 

taking place. Care must be exercised when the frozen alcohol 

is removed from the refrigerator as on warming it will expand 

and crack its container. 

The preparation of 1- (2- pyridyl)- 3- butene -2 -ol was carried 

out as described by Wischmann(24, p. 2794 - 2796). The distil- 

lation was not carried out at 76 -80° lmmbut at 124 -128° 18 mm. 

The preparation of the compound described by Wischmann as 

2- hydroxy- 3- bromo -1, 2, 3, 4- tetrahydroquinolizinium bromide 

- 
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yielded white crystals having - a melting point of 184 -186 degrees. 

This does not agree with Wischmann's value of 178 -179° but as 

these values are uncorrected, the product was taken to be identi- 

cal to that obtained by Wischmann. Davis (9, p. 36) and Artha- 

chinta (1, p. 20 -30) have reported values of 180 -181° and 181 -182° 

respectively. The product was observed to turn bluish -purple 

near 177° degrees which indicates decomposition is taking place. 

The same bluish -purple coloration was observed in some re- 

crystallizations when a saturated methanol solution is left on the 

steam bath for a length of time. 

Attempts to dehydrate the compound just described to obtain 

3- bromo- 3, 4- dihydroquinolizinium bromide were unsuccesful. A 

purplish -black product was sometimes obtained which was un- 

meltable and unburnable. Some attempts yielded purple crystals 

which repeated recrystallizations showed to be mainly starting 

material. In some cases when nothing crystallized out of the 

acetic anhydride solution, methanol was added to the acetic 

anhydride and the solution was heated for a while. This was done 

to facilitate the removal of acetic anhydride by converting it to the 

more volatile acid and ester. A rotatory vacuum evaporator was 

also used. In these cases a purple oil was obtained which was 

insoluble in nonpolar solvents but was soluble in solvents such as 

- 
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methanol and ethanol. Nothing could be isolated from this oil for 

further investigation. 

Reduction of the bromination product yielded the compound 

which Wischmann assigned the structure 2- hydroxy -2- bromoquin- 

olizidine hydrobromide. The melting point of this compound 

(212 -215 °) again did not agree with that reported by Wischmann 

(208 °), Davis (208 -210 °) and Arthachinta (206- 207 °). These varia- 

tions may be explained by the fact that these values are uncorrec- 

ted. However, in some instances, repeated recrystallizations 

yielded a compound whose melting point was 222 -225 °. This may 

have been due to the isolation of an isomer of the compound. 

Bromine was reacted with 1- (2- pyridyl) -3- butene -1 -ol in carbon 

tetrachloride. A mistake may have been made in combining the 

crystals which were immediately formed with those formed in the 

carbon tetrachloride which was left standing overnight. In one 

case crystals were obtained which had a melting point of 194 -196 °. 

The melting point for the combined crystals was 183 -187 °, indicat- 

ing a mixture of compounds. Thus the crystals formed initially 

may have been composed of only one compound while the crystals 

which formed when the carbon tetrachloride was left standing had 

an impurity which could not be separated. Carbon and hydrogen 

analysis of the mixture indicated that the compounds had the same 
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composition. Repetition of this work was not done as time did not 

permit it. 

Ultra- violet investigation of this product gave a maximum 

absorption peak at 264 mu. 2- Pyridinealdehyde also has a 

maximum absorption peak at 264 mu. This indicates that no 

bond migration has taken place. 

This bromination product was similiar to that prepared by 

Wischmann in that it was sensitive to basic reagents and turned bluish - 

purple on melting. Attempts to dehydrate this compound gave 

results which are identical to the attempts to dehydrate Wisch- 

mann's bromination product. 

The product resulting from the reaction of bromine and 

1- (2- pyridyl)- 3- butene -1 -ol will be referred to as compound A 

and its reduction product, compound B. The bromination product 

obtained from bromine and 1- (2- pyridyl)- 3- butene -2 -ol will be 

referred to as compound C and its reduction product, compound D. 

It was felt that if compounds B and D had their bromines 

removed, knowledge of their ring structure could be obtained by 

comparing the melting points of the dehalogenated compounds 

with those of known quinolizidine and octahydropyrrocoline analogs. 

(1) The Busch -Stöve (6) method of removing halogen was 

attempted. The reaction calls for catalytic reduction with 
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hydrogen and palladium over calcium carbonate in an alcoholic 

potassium hydroxide medium. No product was isolated. What 

may have happened is that hydroxide ions have replaced the bro- 

mines yielding a dihydroxy compound. This dihydroxy compound 

may be more soluble in water than in ether so that when the latter 

was used to extract the aqueous layer containing the dihydroxide, 

the dihydroxide remained in the aqueous layer. 

(2) Removal of halogen was attempted by treating compounds B 

and D with zinc in acetic acid saturated with anhydrous hydrogen 

chloride (2, p. 320 -321). When the reaction mixture was made 

basic with sodium hydroxide to obtain the free amine, a large 

amount of zinc hydroxide was formed which made extraction of the 

amine difficult. It may have been this fact which caused no pro- 

duct to be isolated. A continuous extractor was used to extract 

the free amine with ether. In one case crystals were obtained 

which did not melt but evaporated when placed in a bunsen burner 

flame. The crystals were thought to be zinc chloride. 

(3) Some attempts were made to remove halogen at high tempera- 

tures and pressures. Platinum oxide was the catalyst used. The 

temperature of reduction was set at 100° while the pressure used 

was 1000 psi. In one case a high melting point compound was 

obtained but as the bomb developed a leak and the reaction 
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temperature of 2350 was thought to be somewhat drastic, 

no further work was done on these crystals. 

Attempts were made to replace the hydroxy group of com- 

pound D with halogen. This could give some evidence of the 

structure of the compound if the bromines were then replaced by 

iodines. If the compound was obtained as a result of a cycliza- 

tion which formed a 6- membered ring, the diiodide formed would 

have iodines on adjacent carbon atoms. These types of diiodides 

are unstable and will decompose to yield a double bond. If com- 

pound D was the result of a cyclization which formed a 5- membered 

ring, the diiodide formed will be more stable and not yield a 

double bond. 

(1) Compound D was refluxed with concentrated solutions of 

hydroiodic acid and hydrobromic acid. When compound D was 

refluxed in hydrobromic acid for 24 hours no new compound was 

formed. When it was refluxed in hydroiodic acid for 2 hours, a 

product was isolated which analysis showed to be a compound in 

which the bromine was replaced by iodine. The hydroxy group 

was still present. When compound D was refluxed for 24 hours 

the only product isolated was a salt which appeared to be ammoni- 

um oxide. 

(2) Compound D was treated with thionyl chloride and then with 
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hydroiodic acid. Some yellow crystals were obtained but could 

not be identified. 

Cyclization of 1- (2- pyridyl)- 3- butene -2 -ol and 1- (2- pyridyl)- 

3- butene -1 -ol will lead to the formation of a 6- membered ring 

with a secondary bromine while the formation of a 5- membered 

ring will give primary bromine. Determination of the nature of 

the bromine present in compounds B and D should give some clue 

as to the structure of the rings formed. 

Compounds B and D were treated with sodium carbonate to 

obtain the free base which was extracted with ether. The ether 

solution was then treated with sodium iodide in methyl ethyl 

ketone and silver nitrate in ethanol. The results obtained were 

contradictory in that immediate precipitation of silver bromide 

was obtained for both compounds indicating a tertiary halide. 

Reaction with sodium iodide for both compounds gave a precipi- 

tate in less than two minutes, indicating a primary halide. The 

ether solution of the amine was observed to turn cloudy after a 

period of time. An explanation for these results may be that the 

halide, whether or not it is a result of a 5 or 6- membered cycli- 

zation, is on the carbon adjacent to the carbon containing the 

nitrogen atom which may give anchimeric assistance in these 

reactions. 
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1- (2- pyridyl)- 3- butene -1 -ol: A dry 3- necked one liter flask 

was equipped with a dropping funnel, reflux condenser and a 

mechanical stirrer. Calcium chloride tubes were attached to the 

condenser and dropping funnel to protect the system from moisture. 

Seventy -three grams (3 gram atoms) of 30 -mesh magnesium was 

added to the flask with 100 ml of anhydrous ether. To the dropping 

funnel was added 60. 5 g (. 5 mole) of allyl bromide, mixed with 285 

ml of anhydrous ether. A few milliliters of the allyl bromide solu- 

tion were added to the flask to start the reaction and in some cases 

the flask was warmed when the reaction was slow in starting. The 

allyl bromide solution was added slowly over a two hour period. 

After the addition was completed, the mixture was left stirring for 

an hour. The reaction mixture was then filtered into another flask 

also equipped with a dropping funnel, reflux condenser, mechanical 

stirrer and calcium chloride tubes. The system was cooled to 0° 

in an ice bath. Thirty g (. 28 mole) of 2- pyridinealdehyde in 

100 ml of anhydrous ether were added slowly over a one hour per- 

iod. The mixture was left stirring for a half hour and the magnesi- 

um salt was then hydrolyzed with 100 ml of water. The ether layer 

was removed and the aqueous layer was extracted 3 times with 

ether. It was found necessary to add more water to the aqueous 

layer to obtain a more workable layer. The combined ether layers 
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were distilled to remove the ether. The oily residue was distilled 

at 115 -117 15 mm Hg. The yield was 25 g (60. 4 %). The light green 

oil obtained solidified when placed in a refrigerator but melted when 

left at room temperature. The phenyl urethane melted at 74 -76° 

and gave the following analysis: 

Cal'd for C16H16O2N2 C = 71. 62% H = 6. 01% 

Found C = 71. 45% H = 6. 07% 

Reaction of 1- (2- pyridyl)- 3- butene -1 -ol with bromine: Eight g 

(. 026 mole) of 1- (2- pyridyl)- 3- butene -1 -ol dissolved in 200 ml of 

carbon tetrachloride were placed in a flask equipped with a con- 

denser, dropping funnel and mechanical stirrer. Bromine, 8. 6 g 

(. 054 mole), dissolved in 80 ml of carbon tetrachloride was added 

slowly to the flask. The solution turned cloudy immediately on the 

addition of the bromine and the formation of pale yellow crystals on 

the wall of the flask was noted shortly after the initial addition of 

the bromine solution. The carbon tetrachloride was decanted off 

when the reaction was completed and left standing overnight. It 

turned green and a green precipitate was observed. This green 

precipitate was combined with the yellow crystals and the mixture 

was recrystalized in methanol using norite. The yield obtained 

was 11. 5 g (69. 3 %). The melting point of the crystals was 183 -187 °, 
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indicating that a mixture of compounds was obtained. This product 

shall be referred to as compound A. 

Anal. Cal'd for C16H16O2N2 C = 71. 62% H = 6. 01 

Found C = 71. 45% H = 6.07% 

Attempted oxidation of .l (2- pyridyl)- 3- butene -1 -ol: An attempt 

to obtain 1- (2- pyridyl.) -3- butene -1 -one was made using the Oppen- 

auer oxidation. An excess of acetone was used with 10. 4 g (. 07 

mole) of the alcohol and 6. 4 g of aluminum isopropoxide. The 

mixture was refluxed overnight in a flask equipped with a reflux 

condenser and a calcium chloride tube. At the end of the reflux 

period, a small amount of water was added to the system and the 

acetone layer was removed and distilled. When the acetone was 

removed, distiallation was carried out at a reduced pressure of 

22 mm. Two grams of a liquid were obtained which did not yield 

a phenylhydrazone. The bulk of the material was left in the pot 

as polymeric material and did not distill out. 

Reduction of compound A: Twenty grams of compound A 

dissolved in 100 ml of water with approximately . 2 g of platinum 

oxide was placed in a low pressure hydrogenation apparatus. Initial 

pressure was 40 psi. When absorption of hydrogen ceased, the 

aqueous solution was filtered to remove the catalyst. The 

L 
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filtrate was concentrated over a steam bath and then cooled. The 

crystals formed were recrystallized in methanol. Yield was 13. 5 

g (66. 5 %), m. p. 198 -218 °. This product will be referred to as 

compound B. 

Attempt to replace the hydroxy group and the bromine of the 
reduced cyclic compound: A 3- necked 500 ml flask was equipped 

with a reflux condenser, dropping funnel and a mechanical 

stirrer. Twenty grams of compound B were placed in the flask 

with 12 ml of triethyl amine. Approximately 100 ml of anhydrous 

ether were also added. Through the dropping funnel were added 

6 ml of thionyl chloride dissolved in 50 ml of anhydrous ether. 

After the addition of the thionyl chloride was complete, the flask 

was placed on a steam bath to remove the ether. Forty -two grams 

of zinc dust and 200 ml of glacial acetic acid were then added. The 

reaction mixture was heated over the steam bath and the system 

was saturated with anhydrous hydrogen chloride. Heating was 

continued and saturation with hydrogen chloride was repeated 

every 5 hours. After the reaction had proceeded for 24 hours 

the mixture was cooled. The mixture was then made basic with 

sodium hydroxide and extracted with ether using a continuous 

liquid - liquid extractor. The ether layer was then extracted with a 

dilute hydrogen chloride solution which was then evaporated to 
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dryness. The solid remaining was dissolved in water and extracted 

with ether. The ether was then extracted with dilute hydrogen 

chloride. The hydrogen chloride solution was then evaporated. 

No product was isolated. 

Attempt to remove the bromine from the reduced cyclic 
compound: Ten grams of compound B, 100 ml of 10% alcoholic 

potassium hydroxide solution and 10 g of palladium - 

calcium carbonate were placed in a low pressure hydrogenation 

apparatus. The pressure was set at 30 psi. After 24 hours the 

reaction mixture was filtered and the filtrate was evaporated to 

dryness. The solid remaining was dissolved in water and 

extracted with ether. The ether was then extracted with dilute 

hydrogen chloride. The hydrogen chloride solution was then 

evaporated. No product was isolated. 

Attempt to dehydrate compound A: Two grams of the cyclic 

bromination product and 10 ml of acetic anhydride were placed in a 

50 ml flask equipped with a reflux condenser. The flask was 

heated over a bunsen burner until the cyclic compound was dis- 

solved by the acetic anhydride. A drop of sulfuric acid was then 

added and the flask was placed on a steam bath for 15 minutes. 

The solution turned purple at this point. After the reaction period 

_ 



29 

was completed, the acetic anhydride was removed under reduced 

pressure. No new product was isolated. 

1- (2- Pyridyl)- 3- butene -2 -ol: A 3- necked one liter flask was 

equipped with a dropping funnel, a condenser and a mechanical 

stirrer. Calcium chloride tubes were used to protect the system 

from moisture. Four hundred milliliters of anhydrous ether 

containing 6. 9 g (1 gram atom) of lithium chips were introduced 

into the flask. Nitrogen was used to flush the flask to remove the 

oxygen present and then was set to flow at a slow steady rate. One 

hundred milliliters of anhydrous ether containing 79 g (o. 5 mole) 

of bromobenzene were added slowly through the dropping funnel so 

as to maintain a gentle reflux. It was often found necessary to 

heat the flask to start the reaction. After the addition of the 

bromobenzene were added slowly through the dropping funnel so as 

to maintain a gentle reflux. It was often found necessary to heat 

the flask to start the reaction. After the addition of the bromo- 

benzene solution was complete, the mixture was left stirring for an 

hour. Forty -six grams (o. 5 mole) of 2- picoline were added slowly 

and the reaction mixture was stirred for an hour. The flask was 

then cooled in an ice -salt mixture. Thirty -five grams (0. 63 mole) 

of acrolein dissolved in 50 ml of anhydrous ether were slowly 
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dropped from the dropping funnel. On completion, the solution 

was stirred for an additional 30 minutes. Two hundred milliliters 

of water was slowly added to effect hydrolysis. The alcoholic 

product was extracted with ether. The ether was removed by 

distillation and the alcohol was distilled at 124 -128° 18 mm. 

The yield was 23. 2 g. (31. 2 %). 

Reaction of 1- (2- pyridyl)- 3- butene -2 -ol and bromine: Forty 

grams (0. 27 mole) of the alcohol dissolved in 500 ml of carbon 

tetrachloride was placed in a flask equipped with a dropping funnel, 

reflux condenser and a mechanical stirrer. Forty -three grams 

(0. 27 mole) of bromine were added slowly to the flask. The solu- 

tion turned cloudy immediately and a precipitate formed in time on 

the walls of the flask. After the addition of bromine was complete, 

the carbon tetrachloride was decanted and the precipitate was 

recrystallized in methanol. Norite was used to decolorize the 

crystals if necessary. The yield obtained was 34. 2 g. (41. 3 %). 

The melting point of the crystals was 184 -186 °. This compound 

shall be referred to as compound C. 

Hydrogenation of compound C: Fourteen grams (0. 045 mole) 

of compound C were placed in a low pressure hydrogenation 

apparatus with 150 ml of ethanol and . 2 g of platinum oxide. The 
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mixture was left in the apparatus for 24 hours. The catalyst was 

then removed by filtration. The filtrate was evaporated to dryness 

and the precipitate formed was recrystallized in methanol. The 

yield obtained was 12 grams (84. 5 %). The melting point of the 

crystals was 212 -215 °. These crystals shall be referred to as 

compound D. 

Attempts to dehydrate compound C. One gram of compound 

C was placed in a flask equipped with a reflux condenser. Five 

milliliters of acetic anhydride were added to the flask and the 

mixture was heated until solution of the cyclic compound was 

accomplished. A drop of sulfuric acid was added to the mixture 

and the flask was then placed on the steam bath for 10 -15 minutes. 

The acetic anhydride was then removed under reduced pressure. 

No new product was obtained. 

Attempt to remove the bromine from compound C. Ten 

grams of the cyclic compound was dissolved in 100 ml of 

ethanol and placed in the low pressure hydrogenation apparatus. 

Fifty -seven milliliters of 5% alcoholic potassium hydroxide 

and 5 g. of palladium chloride - calcium carbonate catalyst 

were added and the mixture was left in the apparatus for 24 

hours. The reaction solution was then filtered and the filtrate 
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was evaporated to dryness. The solid remaining was dissolved in 

water and extracted with ether. The ether was extracted with 

dilute hydrochloric acid. Evaporation of the hydrochloric acid 

solution did not yield any product. 

Attempts to replace the hydroxy group in compound D by 
bromine: (1) A 3- necked flask was equipped with a dropping funnel, 

reflux condenser and a mechanical stirrer. Eight grams (. 025 

mole) of compound D was treated with 100 ml of 15% sodium car- 

bonate. The carbonate solution was extracted with ether. The 

ether was dryed with magnesium sulfate and then placed in the 

flask. Through the dropping funnel was added 6. 9 g. (0. 025 mole) 

of phosphorus tribromide dissolved in ether. An immediate 

clouding effect was noted and a precipitate was formed in the 

reaction flask. The reaction mixture was left stirring for an 

hour. At the end of this period an appreciable amount of precipi- 

tate was observed to have disappeared. A 100 ml portion of 

water was added to the flask to hydrolyze the phosphorus tri- 

bromide. The reaction mixture was then neutralized with dilute 

sodium hydroxide using a pH meter. The aqueous solution was 

extracted with ether. The ether layer was then extracted with a 

dilute solution of hydrobromic acid. Evaporation of the hydro - 

bromic acid solution yielded a very small amount of product which 
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could not be identified. 

(2) Two grams of compound D were refluxed in 10 ml of con- 

centrated hydrobromic acid for a period of 24 hours. Evaporation 

of the hydrobromic acid left a yellow oil which when washed with 

acetone turned crystalline. The crystals were found to be the 

starting material. 

Attempts to replace the hydroxy group of compound D by 
iodine: (1) Two grams of compound D were refluxed in 10 ml of 

47% hydroiodic acid for 2 hours. Evaporation of the hydroiodic 

acid left a yellow oil. Washing this oil with acetone gave crystals 

which were recrystallized in methanol. The melting point of 

these crystals is 195 -198 °. 

Anal. Cal'd for C9H17NOBr2: C = 26. 43 %, H = 4. 18% 

Found: C = 26. 45 %, H = 4. 40 

(2) Two grams of compound D was treated with approximate- 

ly 6 ml of thionyl chloride. The thionyl chloride was removed by 

evaporation. A black precipitate was left. The black precipitate 

was treated with approximately 5 ml of hydroiodic acid and the 

mixture was then placed on a steam bath to evaporate the hydro - 

iodic acid. The material remaining was recrystallized in meth- 

anol. Some yellow crystals were obtained but not enough to be 

identified. 
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SUMMARY 

1- (2- Pyridyl)- 3- butene -1 -ol was prepared by reacting allyl 

magnesium bromide and 2- pyridinealdehyde. Attempts to 

oxidize this alcohol to the ketone by an Oppenauer oxidation ended 

with the formation of a tarry material. 

Reaction of 1- (2- pyridyl)- 3- butene -1 -ol with bromine yielded 

an ionic substance compound A having the formula C9H11NOBr2. 

The melting point of this product was 183 -187° indicating that a 

mixture of compounds having the same composition was present. 

Compound A was found to be similiar to the compound identified 

by Wischmann as 2- hydroxy- 3- bromo -1, 2, 3, 4- tetrahydroquinoli- 

zinium bromide (compound C) in that it was sensitive to basic 

reagents and on treatment with acetic anhydride it yielded purple 

substnaces which were not identified. Compound A was reduced 

with hydrogen and platinum oxide to form compound B, 

C9H11NOBr2. 

Attempts to remove the halogen from compound B and the com- 

pound identified by Wischmann as 2- hydroxy- 3- bromo- quinolizidine 

hydrobromide (compound D) by the Busch -Stóve method ended in 

failure. Attempts to replace both the hydroxy group and bromine 

from compounds B and D also ended in failure. 
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Attempts to replace the hydroxy group in compound D by 

halogen failed. Compound D refluxed in hydrobromic acid for 24 

hours did not react. In hydroiodic acid, compound D yielded a 

product in which the bromine had been replaced by iodine when 

refluxed for two hours. When it was refluxed for 24 hours, a 

crystalline material was obtained which was believed to be am- 

monium iodide. 

When the free bases of compounds B and D were tested to 

determine the nature of the halogen in these compounds, contra- 

dictory results were obtained. Sodium iodide in methyl ethyl 

ketone indicated that a primary halide was present while silver 

nitrate in alcohol indicated a tertiary halide was present. 
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APPENDIX 

ULTRAVIOLET DATA 

Compound 

1- (2- pyridyl)- 3- butene -2 -ol 

1- (2- pyridyl)- 3- butene -1 -ol 

2- pyridinealdehyde 

Compound A 

Compound C 

max 

262 mu 

264 mu 

264 mu 

264 

266 

Reference 

1 

9 


